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Introduction. manufactured the Pont Co. synthetic 
fibre which made polyhexamethylene adipamide and has 
ring its molecular structure and not made copolymer 
is. Therefore the synthesis linear polyamides which contain cyclohexane 
ring, the preparation polyamide copolymers and the study differences 
between their properties and those were attempted. For cyclic 
components the structural unit polyamides, and diamino deriva- 
tives were selected; phenylene diamines were not suitable, 
for the basic strength amino group attached benzene ring too 
weak form salt with group dibasic acids. The present paper 
reports the data polycyclohexylene-1,4-adipamide and polycyclohexylene- 
Also example polyamide copolymer, 
copolymers adipic acid, hexamethylene diamine and were 
prepared and their properties are described. 

Polycyclohexylene-1,4-adipamide. (1) cyclohexane. The 
methods synthesis 1,4-diamino cyclohexane were follows. 


[The first method] 


CH.Br NaCN HCl CH,COOH 

CH.Br yield hydrolysis CH.COOH yield 
60% yield 95% 


ethylene bromide ethylene cyanide acid 


| 


yield 


succinate 


succinylo succinate 
m.p. 


title the first and second reports [this Bulletin, 18(1943), 
97, 105] was changed. 

Hosino, Chem. Soc. Japan, 62(1941), 190, 599; 63(1942), 1182. 

Chemie”, II, Aufi., 361. 

Thompson and Smith, Org. Chem., 3(1939), 606. 
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NOH NH, 
yie | 


b.p. cyclohexanedione 1,4—diamino 
m.p. 78-79° m.p. 191°d. cyclohexane 


The reduction the dioxime the diamine was proceeded follows: 
absolute alcohol, 110 metallic sodium was added. the reduction 
proceeded, large quantity insoluble products accumulated. soon 
the sodium had dissolved, the contents the flask were steam-distilled. 
The free diamine boiled and this was mixture cis and 
trans compound. 


[The second method] 


~ 
p-phenylene diamine 


cyclohexane 


Fifty p-phenylene diamine. 50.c.c. methyl cyclohexane and 
5g. reduced nickel catalyst supported kieselguhr were charged 
into autoclave. The reaction was heated 180°C. under 
105 hydrogen pressure with constant shaking for hours. 
the reaction mixture cooled, most the hexahydro derivative crystallized 
out. The product consisted primary amine (b.p. 
secondary amine and unchanged phenylene diamine (b.p. 220- 
270°) and polymerized resinous product. Redistillation the 
product gave 40% the diamine (b.p. 
m.m., m.p. colourless large plates. This compound was identi- 
fied trans compound which had prepared from azide trans- 
hexahydroterephthalic acid. 

(2) adipate, 


CH, 


and Noyes, Ber., 2170. 


NOH 
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and adipic acid form salt alcoholic solution. 
Upon heating 200°. this decomposed with evolution water. Found: 

the salt derived 
from the mixture cis- and trans-diamine and adipic acid thymol 
250°, water was distilled and the salt became insoluble and its melting 
point became about 400°. Fibre was spun from its melt with glass rod, 
but was brittle. The structure this polymer supposed 
The polyamide derived from the trans 
diamine and adipic acid did not melt 500° but decomposed. Its suitable 
solvent did not exist. The interpolymer hexamethylene diammonium 
adipate and cyclohexylene-1,4-diammonium adipate was easily obtained 
heating the mixture these salts thymol the stream hydrogen. 
Its melting point higher than that but was more difficult 
spin fibre from its melt than ihe case “Nylon”. 

Polycyclohexylene-5,5-dimethyl-1,3-adipamide. This polymer was 
obtained from adipic acid and diamine derived from dimedone. 


mesity] oxide 
Cc H.(CO.C. H;). C Zu 
malonate CH; 
dimedone 


CH. 
yield 
dimedone dioxime 
m.p. 171 cyclohexane 
b.p. mm. 


CH, 


CH, 
salt polyamide 
The salt was obtained precipitates mixing the equi- 
valent quantities the diamine and the dibasic acid alcoholic solution. 


Shriner and Todd, “Organic Syntheses,” 15(1935), 14. 
“Organic Syntheses,” 11(1931), 54. 
Goldberg und Hurbin, Hele. Chim. Acta, 1339. 


yield 
75% 
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For dibasic acids, three kinds dibasic acids shown Table were 
selected. The properties these salts and polymers are shown Table 
Polymerization was effected thymol-xylenol heating the salts 
250-260° for about hours. The three kinds polyamide from these 
acids and melt without decom- 
position, and filaments formed extrusion molten polymer yields 
oriented fibres upon cold drawing, and its tenacity and elongation range 
2-3 per denier and 


Table 
Molecular weight 
acid Method Melting point Found Caled. Found Caled. 
preparation 
acid oxidation 61.45 61.62 146.48 146.08 


with 
acid 
Azelaic acid oxidation 46.91 47.85 191.86 
ricinus oil with 
potassium 
Sabasic acid (Kahlbaum) 43.85 44.53 202.14 


Table 


poiyamide 


Dibasic acid m.p. salt. m.p. polyamide Found Caled. 
Azelaic acid 199-191 165-170° 9.07 9.52 


Copolymer. For the sake brevity, let denote 
The intimate mixture both compounds was heated 250° for hours 
autoclave under the pressure hydrogen. The pressure 
was then reduced the atmospheric, and the mixture was heated 255° 
under this pressure allow the water distill off. Polymerization was 
completed heating for hours 255° under mm. pressure. Intimate 
mixtures polyhexamethylene adipamide and polycapramide various 
proportions were prepared dissolving the known quantities the two 
m-cresol and precipitating them therefrom the 
addition ethanol. This gave quantitative yield mixed polymer 
the form white powder. The behavior the mixed polyamide des- 
cribed above quite different from that interpolymer prepared 
co-polymerization hexamethylene diammonium adipate 
lactam. The melting point data are presented Figs. and with the 
data the yield polymer from their monomer and the intrinsic viscosi- 
ties the copolymers. From these data can conclude that the poly- 
amides prepared from and that prepared from 
tam are identical and that the copolymer the lower melting point are 


(10) “Organic 13(1933), 


> 
i 
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obtained when the mol ratio 2:1, the ratio the 
number each structural unit 


-NHCO NHCO- 
NHCO- 


The fibre spun from the meit weaker tenacity than 
that spun from polycapramide polvhexamethylene adipamide when the 
intrinsic viscosities both polymers are equal. For this reason, 
conceivable that the van der Waals’ force between molecular chains 
copolymer, which attributed the hydrogen bond force amide 


groups, weaker than the force between the molecular chains 


capramide polyhexamethylene adipamide polymer, the repetition 
the number the methylene group between amide linkage irregular 
the case the former, while the case the latter, the 
possibility formation hvdrogen bonding greater. The data 
X-ray fibre diagram are shown The spots and poly- 
capramide are not observable the diagram the copolymer CS-1. 


Table 


Copolymer 
Polycapramide (mole ratio L:N=5:1) 


4.35 
3.82 3.76 
8.19 
6.05 
2.44 


= 


604 LUTE 
— ff 
S 
Fig. A-N Copolymer. 
Spots 
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Summary 


The syntheses and properties polycyclohexylene-1,4-adipamide and 
and copolymer hexamethy- 
lene diamine-adipic are described. 

conclusion, the author wishes express his sincere gratitude 
Mr. Karashima and Tashiro for the permission for the publica- 
tion and for the encouragement, and Dr. Tanemura for his kind 
guidance throughout this work. 


Research Department, Rayon Kaisya, 
Otu, Japan. 
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Introduction. The synthetic linear polyamides prepared Carothers 
and his co-workers are two kinds: those formed from amino acids and 
those formed from diamines and dibasic acids. Polycapramide 
example the former type polymers, and polyhexamethylene adipamide 
one the latter type. The present paper offers the results analysis 
the relation between the average molecular weight and the solution 
viscosity polyhexamethylene adipamide and some discussions 
depolymerization reaction polycapramide. 


Molecular Size Distribution Linear Condensation Polyamides. 


(1) Distribution Functions. The polymerization 
acid hexamethylene diamine and adipic acid may formulated 


2 


where represents the total number reactant molecules combined 
the polymer molecule. Three fundamental assumptions for the treatment 
are 


(1) The third paper, this Bulletin, 19(1944), 
(2) Hosino, Chem. 545: 62(1941), 602. 
Am. Soc., 58(1936) 1874. 
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(i) The reactivity functiona! group, COOH, inde- 
pendent the size the molecule which attached. 

(ii) polymer degradation occurs hydrolysis, all amide links 
have equal reactivity with respect the reverse reaction. 

(iii) The formation cyclic compounds, the oxidation air and 
the formation three linkage (as well other side reactions) 
not occur appreciable extent. 

Let defined one amino acid one diamine one 
dibasic acid residue contained within polymer molecule. The term 
will denote polymer composed segments and the extent 
reaction will represent the ratio the number amide groups 
the number amide unreacted groups. And the following 
notation II, will used. 


Total number segments which exist components 


lis Total number segments 


weight fraction for high molecular weight polymer. 
According Flory, 
li, (1.1) 


The relative number molecules given 


must hold that 


This relation may derived from (1:1), because 
x 


the number linkages molecule the relative number 
linkage may given 


This also derivable from 


yer 
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order locate the which gives maximum let 

the maximum, 


Inp 


(2) Molecular Weight Averages. The “number molecular 
weight which may obtained pressure measurement 
freezing point depression, and the “‘weight average” molecular weight 
which may determined means Staudinger viscosity method, are 
defined the equations, 


where the molecular weight molecule and the 
number substituting the equation for and 
for M,, where the segment weight (for polyhexamethylene adipamide 
polycapramide, M,=113), 


(1.9) 


Degree polymerization defined the average number seg- 
ment per molecule which has the molecular weight respectively 
will given 


(1.12) 


Pa M,/ Mo = 1/—p) | 


Molecular Weights and Solution Viscosity. 


(1) and Concentration. Viscosities polyhexamethylene 
adipamide m-cresol are expressed satisfactorily the Fickentscher 


Fickentscher, Cellulosechem., 58. 


160 
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where relative viscosity, concentration per solution 
and constant The equation applicable 
also cellulose nitrate acetone, benzene, cellulose 
cuoxam, and acetate benzene. For the limit value 


+1) 


(2.2) 


150 


The function specific viscosity divided i.e. decreases 
and the function increases monotonously de- 
creases, both possessing straight line parallel horizontal axis their 


Fig. 


(2) Staudinger viscosity relation. Staudinger has advocated the 
following relation for the determination the average molecular weight 
polymeric substances, 


where base molecular concentration, K,, the Staudinger constant, 
and average molecular weight. K,, determined from osmotic 
pressure measurement monodisperse system fractionated polymer, 
must “weight-average” molecular weight. this case the equation 
transforms into 


i 
c>0 
! 
| 
where 
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coo 
Denoting this limit value 


this almost straight line passing the origin the range <1. 


From 
+1), 
1—p 2\10K,, 
(2.5) 
determined from the osmotic pressure measurement poly- 
disperse system and the ratio almost constant for high mole- 
cular weight polymers, equation (2°3) must “number 
molecular weight, and equation becomes 


=> 
This equivalent the following equation, 


where constant, and the number chain atoms the 
“number molecular weight polymer, when determined 
determined the constant for the m-cresol solution polyamide from 
the measurement pressure and the viscosity chloroform solu- 
tion polyamide derived from disobutylhexamethylene diamine and 
acid and from the measurement viscosity the m-cresol solution 
that 


(2.8) 


For adipamide, the number chain atoms 
one segment 


(5) Kraemer, Chem., 1200. 
(6) Meyer and Wolff, 89(1939), 194. 
(7) Staudinger and “Jentgen’s und (1943), 88. 


| 


(iV). 
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Substituting this value (2°7), 


Using relations and (1°6), the values and 
for various values were and are shown 
Table 

The Staudinger relation applicable approximately only high 
molecular weight polymers and not applicable the range low molecular 
weight shown next paragraph. 

relations from freezing point depression measurement. 

merization was prepared heating pure hexamethylene diammonium 
adipate (m.p. 194°, Found: 10.56; Caled.: 
for 10-60 minutes stream hydrogen. The obtained polyamide was 
pulverized and dried over phosphorus pentoxide vacuum desiccator 
for one week. Adipamide was prepared passing ammonia melted 
adipie acid and recrystallized twice from water and dried 


Solution viscosity.—This was determined solutions the polymer 
m-cresol 20°, 25° and using Ostwald viscosimeter. The 
efflux time for these solutions was greater than 150 seconds. 
Freezing point depression.—As camphor, amine 
does not dissolve polyamide, phenol was used solvent. Pure phenol 
(Takeda Chemical was dried for one week over anhydrous calcium 
chloride 50° and distilled. The middle fraction which melted 40.93° 
was used. This sample was the bottom test tube and 
soon melted phenol was introduced, the upper part 
the tube was fused and weighed. solution was attained main- 
taining the mixture 45°. The freezing point the solution was deter- 
mined means Beckmann thermometer dipped the solution which 
gradually cooled across air space thermostat maintained 35.0°. 
Moisture was removed passing gentle flow air dried over the powder 
phosphorus pentoxide. The extent reaction and the average mole- 
cular weights and were calculated the following equations, 


= 2M,,—131 ’ 


where the weight the polyamide, the weight phenol, and 
the freezing point depression. 


Hosino, 
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experimental results are shown Tables and 
The relations are expressed straight lines shown Fig. 


Kuhn and proposed the following 
equation for the solution viscosity linear polymers. 


where the volume ¢.c. occupied one gram the solute solution, 
and and are the length and the width the polymer molecule. 


2.5 


Assuming the shape the polymer similar, whether the degree 
polymerization large small, constant and comparing the 
second terms and 


For molecule, which has molecular weight 


where Avogadro number, N,=6.06 
put 


25 l 2 
(2.17) 


From 20°, 


“Hochpolymere Chemie,” Bd. (1940), 290. 


164 

(2.18) 
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Denoting the average length for one the polyamide 
= linM..//Mo 
According the degree bending calculated; 
L=the length segment when stretched 


The relations for other polymers are presented: for polydecame- 
thylene adipate succinate chlorobenzene for pure 


polyoxyethylene glycol carbon tetrachloride and for poly- 
Table 
0.3 4000 0.9717 35.8 0.0104 
0.4 5340 0.9789 0.0078 
0.5 59.0 0.0062 
0.6 8000 70.8 0.0052 
0.7 9340 0.9879 0.0045 
0.8 10560 0.9893 93.5 0.0039 
0.9 12000 0.9905 105.1 0.0035 
1.0 18340 0.9915 118.0 0.0031 
14660 130.0 0.0028 
16000 0.9930 141.6, 0.0026 
17340 153.5 0.0024 
1.4 18660 0.9940 165.5 
024 
Fig. curves. 
(9) Sakurada, physik, Chem., 38(1938), 407. 
Flory, Am. Chem. Soc., 62(1940), 3032. 
(11) Fordyce and Hibbert, Am. Chem. Soc., 61(1939). 1912. 
(12) Baker, Fuller and Heiss, Am. Chem. Soc., 2142. 


& 
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Table 

Lg. 
9.414 0.034 
0.2105 9.595 0.050 3180 
9.064 0.050 
0.1548 0.046 2920 
0.2041 8.982 0.061 2690 
0.1779 9.915 0.044 2890 
8.518 0.065 2540 
0.1712 0.057 2486 
0.2148 046 150 
0.1405 9.559 2370 
0.1850 0.088 1580 
0.2026 9.444 0.099 1600 
8.655 0.216 
0.2113 9,226 0.338 $65 
0.1404 0.881 
Adipamide 0.119 7.614 0.671 


488 


1590 


2410 
2510 
2740 


2990 


“Nylon” salt 200° min. 


3320 


Table 


20° 25° 30° 
0.067 0.055 0.051 145 
0.127 0.125 0.113 0.760 750 
0.264 0.339 1690 
0.404 0.960 1890 
0.421 0.406 0.378 0.961 
0.485 0.409 0.966 6510 


x 


Depolymerization Polyamide. 


The mol fraction molecule linear condensation polymer derived 
from bi-functional compounds given 


the bonds the mixture any given time are equally 
accessible reaction independent their position chain and inde- 
pendent the length their parent chains, and the degree depolymeri- 
(i.e. the ratio the total number bonds cut the number 


Montroll, Am. Soc., 63(1941), 1215. 


166 
No. (mean) 
145 
No. 
i 
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where the number polymer molecules before depolymerization. 
necessary know the weight average degree polymerization P,, 
determine the degree depolymerization the masurement 
solution 


tel 


oo 
tJ 


Using the facts that 


t=} ] — 


have 


uncut bonds divided the total number bonds undegraded system. 
Letting the weight average degree polymerization before depoly- 


merization, 
l+p 


> 


Time Dependence express the time dependence 
assume that the rate depolymerization proportional the number 
bonds. 


where the number uncut bonds time and the degradation 
constant. 
Thus (3.5) 


since 


and 
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Therefore 


1 e ay 


a 


(3.6) 


(2) Results. The material for measurement was uncold-drawn fibre 
spun from the melt which had been prepared poly- 
merization acid. Its viscosity m-creso! 
20° was 


0.9845. 


example depolymerization reaction, hydrolysis 50% sul- 
phuric acid 30°, 40° and 50° was traced viscosity measurement. 
For the determination the following equations were adopted. 
the equations the proportional constants the first term were calculated 

[7] undegraded assuming that the 
[7] m-cresol 
value the second term constant, for this value small compared 
with that the first term. 


from the ratio 


Table (30°). 


0.4881 127.2 
0.4383 112.8 5.0 
0.4100 104.6 0.9966 5.2 
0.3860 97.7 0.9952 4.5 
0.3762 5.3 
0.3406 0.9920 5.0 
0.3102 75.7 0.9892 5.0 
0.2889 69.6 0.9870 4.8 
0.2718 64.6 0.9851 4.4 
0.2583 60.7 0.9829 
54.7 4.3 
0.2205 49.8 0.9752 3.8 


mean 


and Noisiki, Chem. Soc. 63(1942), 1175. 


168 
118 
148 
166 
214 
290 
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The results were shown Tables 4~7. The value polyamide 
about one hundredth that cellulose sulphuric acid, and 
linear relationship the reciprocal reaction temperature absolute 
scale (Fig. 3). From the Arrhenius equation, the apparent energy 
activation for this reaction about 25.0 


Table (40°). 


log 


1 


0.9940 14.0 
0.9922 13.6 
0.9883 12.7 
0.9876 12.6 
0.9775 12.1 
0.9748 10.6 
0.9694 12.1 
0.9672 12.0 


12.75 


Table (50°). 
Pw B 


127.2 
117.9 0.9986 54.5 
112.2 0.9979 45.0 
107.9 0.9972 40.0 
96.8 0.9952 38.3 
86.9 0.9927 40.0 
45.0 0.9716 55.4 
40.9 0.9674 
37.2 0.9625 53.6 
32.7 0.9557 37.8 


mean 46.3 


Table 
1.085 
3.697 
10.66 


0.4637 122.3 
0.3633 92.8 
0.3366 85.0 
0.2966 73.2 
0.2887 70.9 
0.2261 52.5 
0.2118 48.3 
110 0.1939 43.0 
0.4495 
0.4200 
0.4018 
0.3885 
5.5 0.3527 
8.0 0.3213 
22.5 0.1878 
27.5 0.1749 
0.1630 
0.1487 
temp. °C. 
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Fig. log curve. 


Summary 


Flory’s theory molecular size distribution linear condensa- 
tion polymers was applied linear synthetic polyamides. 

Viscosities polyhexamethylene adipamide polycapramide 
m-cresol are expressed Fickentscher’s equation. 

The application the Staudinger viscosity relation polyamide 
was discussed. 

The relations between intrinsic visocisty and “weight average” 
molecular weight were established experimentally from Flory’s theory 
and the freezing point depression measurement phenolic solution. 

The time dependence the degree depolymerization was dis- 
cussed under the assumption that the rate which bonds are cut pro- 
portional the number uncut bonds the system. 


conclusion, the author wished express his sincere gratitude 
Mr. Karashima and Mr. Tashiro for the permission for the publica- 
tion and for the encouragement, and Dr. Tanemura for his kind 
guidance throughout this work. 
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